The Salmon River suture zone of western Idaho (USA) records mid-crustal metamorphism and deformation associated with orogenesis during Mesozoic accretion of volcanic arc terranes to western Laurentia. We present petrographic and microstructural observations, garnet geochemistry, pressure-temperature isochemical phase diagrams, and Sm-Nd garnet and U-Pb zircon ages to investigate the timing and conditions of metamorphism in the Salmon River suture zone. The Salmon River suture zone is comprised of three thrust sheets: from east to west, the amphibolite facies Pollock Mountain plate, upper greenschist to amphibolite facies Rapid River plate, and greenschist facies Heavens Gate plate. The Pollock Mountain plate was isothermally loaded from 6 to >8 kbar at ~700 °C between 141 and 124 Ma during northwest-southeast crustal shortening. The underlying Rapid River plate was isothermally loaded from 7 to ~10 kbar at 600-650 °C during ca. 124-112 Ma metamorphism, which is contemporaneous with late-to post-peak metamorphism and ca. 118 Ma exhumation of the overlying Pollock Mountain plate. In the Rapid River plate, thrust sheet emplacement induced high-strain ductile deformation and led to regional development of linear-planar fabrics. The 
INTRODUCTION
Continental assembly and crustal growth along active margins are dominated by accretion of allochthonous terranes and magmatic additions from the underlying mantle (e.g., Coney et al., 1980; Scholl et al., 1986) . The collision of displaced terranes with cratonic margins is often accompanied by contractional deformation and crustal thickening, which generally leads to anatexis and regional metamorphism (Chamberlain and Karabinos, 1987) . The age and pressure-temperature (P-T) conditions during metamorphism in the roots of arc-continent collision zones are critical for understanding collisional processes including the time scales and mechanisms of thermal perturbations, the extent and driving forces behind the metamorphism and partial melting, and the magnitude and timing of deformation in the middle to lower crust. In orogenic belts where laterally extensive tracts of deep-crustal rocks are exposed (e.g., Western Gneiss region of Norway and Pamir Plateau of Central Asia), metamorphic and thermochronologic studies indicate that widespread chemical and thermal equilibrium is not uniformly achieved during collisional orogenesis (Spencer et al., 2013; Stearns et al., 2015) . Determining the age of metamorphism and conditions during synmetamorphic deformation provide crucial insight into the tectonic processes at work. In this study we present Sm-Nd garnet and U-Pb zircon ages along with integrated isochemical phase diagram models and thermobarometry estimates to construct P-Ttime paths that reflect the evolution of orogenic belts roots through time.
The Salmon River suture zone of western Idaho (USA) exposes midcrustal rocks across a complex island arc-continent collision zone and provides an ideal opportunity to resolve the duration, magnitude (i.e., P-T conditions through time), and spatial patterns of metamorphism during accretionary orogenesis. The Salmon River suture zone is located in the central North American Cordillera, and is dominated by metasedimentary and metavolcanic rocks of island arc affinity that record progressive deformation and metamorphism during Late Jurassic to Early Cretaceous accretion of the Blue Mountains province to western Laurentia ( Fig. 1 ; Silberling et al., 1984; Lund and Snee, 1988; Avé Lallemant, 1995; www.gsapubs.org | Volume 9 | Number 5 | LITHOSPHERE Wyld and Wright, 2001; Wyld et al., 2006; Blake et al., 2009; Gray et al., 2012) . Historically, the Salmon River suture zone has played a fundamental role in tectonic models describing the evolution of the central North American Cordillera (Oldow et al., 1989; Burchfield et al., 1992; McClelland et al., 2000; Wyld and Wright, 2001; Giorgis et al., 2005) . Early studies postulated that metamorphism in the suture zone (Hamilton, 1963; Onasch, 1977) was related to intrusion of the 100-54 Ma Idaho batholith (Gaschnig et al., 2010) to the east. More recent tectonic models incorporating Sm-Nd garnet geochronology have proposed that island arc amalgamation and subsequent accretion were recorded by distinct metamorphic events that occurred ca. 144 Ma and ca. 128 Ma (Selverstone et al., 1992; Getty et al., 1993) .
One problem associated with garnet age interpretation is that isotopic measurements typically require large sample masses to achieve high precision, introducing the possibility that isotopic garnet analyses may reflect a mixed value between two different age domains within a single crystal, and fail to resolve long-duration garnet growth. Complicated zoning, particularly in polymetamorphic garnet (e.g., Stowell and Goldberg, 1997) , adds complexity because precise ages for each event requires sampling separate zones for individual isotope analyses. In addition, the possible adverse effects of inclusions must be considered (e.g., Prince et al., 2000) . The resulting lack of age resolution presents problems in relating garnet growth to discrete tectonothermal events. In this study we have attempted to minimize the impacts of age mixing by microsampling distinct chemical and textural zones within garnet from amphibolites. We combine new Sm-Nd garnet ages with additional geochronologic data (U-Pb zircon, Ar-Ar hornblende), P-T estimates, and fabric element analyses (microscopic to map scale) to provide insights into the processes of regional metamorphism and deformation associated with arc-continent collision during protracted subduction-driven orogeny (Selverstone et al., 1992) . Based on these new data, we present a tectonic model for the Salmon River suture zone, wherein long-lived regional metamorphism is controlled by diachronous thrust stacking. In this model, protracted metamorphism and contractional deformation occurred over a period of 30 m.y. or more, during which the Blue Mountains province was incorporated into the Laurentian margin.
GEOLOGIC BACKGROUND Blue Mountains Province
The North American Cordillera largely consists of an assemblage of terranes that were progressively accreted to western Laurentia during Phanerozoic subduction of the Farallon plate (Coney et al., 1980; Engebretson Prolonged metamorphism during terrane accretion: Salmon River suture zone | RESEARCH et al., 1985) . In west-central Idaho, the initial 87 Sr/ 86 Sr = 0.706 isopleth is subparallel to longitude ~116°W and marks the geochemical boundary between rocks with cratonic affinity to the east and accreted terranes to the west (Armstrong et al., 1977; Fleck and Criss, 2004) (Fig. 1) . This isotopic boundary is within the Salmon River suture zone and defines the eastern edge of the Blue Mountains province (Silberling et al., 1984 (Silberling et al., , 1987 . The Blue Mountains province is comprised of four terranes (Olds Ferry, Baker, Izee, and Wallowa) that record late Paleozoic to Mesozoic magmatism, metamorphism, and sedimentation within two volcanic arc systems (e.g., Dickinson, 1979; Walker, 1986; Vallier, 1977 Vallier, , 1995 Schwartz et al., 2010) .
The Wallowa (Permian-Jurassic) and Olds Ferry (Triassic-Jurassic) terranes are subduction-related volcanic arc systems (Vallier, 1995; Avé Lallemant, 1995; Kurz et al., 2012) . The Wallowa arc formed at a distal location (~18° north of the paleoequator; Hillhouse et al., 1982) , whereas the Olds Ferry fringing arc was constructed along the Laurentian margin similar to the modern-day Aleutian volcanic arc (Vallier, 1995) . In Avé Lallemant (1995) and Schwartz et al. (2010 Schwartz et al. ( , 2011 , it was proposed that the Baker terrane represents the accretionary complex and forearc components of the Olds Ferry island arc. This model is supported by structural and isotopic (Rb-Sr, Sm-Nd) data and similarities in detrital zircon age populations between the Baker and Olds Ferry terranes (Alexander and Schwartz, 2009; Schwartz et al., 2010 Schwartz et al., , 2011 . The Wallowa and Olds Ferry terranes were amalgamated offshore during Late Jurassic time, as recorded by ca. 159-154 Ma contractional deformation along this terrane boundary (Schwartz et al., 2010 (Schwartz et al., , 2011 . Structural studies along the Wallowa-Baker terrane boundary document the development of northward-directed thrust faults and east-west folds associated with imbrication of the Wallowa arc (Schwartz et al., 2010) . Deformation occurred at upper greenschist to lower amphibolite facies conditions (Ferns and Brooks, 1995; Schwartz et al., 2010) . The Blue Mountains province obtained its current position (Fig. 1 inset) after collision with the Laurentian margin (Engebretson et al., 1985; Giorgis et al., 2008) and clockwise oroclinal rotation beginning ca. 126 Ma (Wilson and Cox, 1980; Žák et al., 2015) . Accretion of the Wallowa terrane was proposed to have occurred during the Early to Middle Jurassic (LaMaskin et al., 2015) . The lack of craton-derived Precambrian or Paleozoic detrital zircon populations in marine strata of the Wallowa terrane (Jurassic Coon Hollow Formation; LaMaskin et al., 2015) and ages of deformation in the Blue Mountains region, however, suggest Late Jurassic to Early Cretaceous initiation of arc-continent collision (Lund and Snee, 1988; Avé Lallemant, 1995; Blake et al., 2009; Schwartz et al., 2010 Schwartz et al., , 2011 Schwartz et al., , 2014 Gray et al., 2012; Žák et al., 2015) .
Salmon River Suture Zone
Western portions of the Salmon River suture zone consist of greenschist to upper amphibolite facies metamorphic rocks that are directly west of the initial 87 Sr/ 86 Sr = 0.706 isopleth (Fig. 1) . The north-to northeaststriking Salmon River suture zone is oriented subparallel to internal terrane boundaries of the Blue Mountains province that appear to converge ~100 km southwest of Riggins, Idaho (Fig. 1 inset) . Near Riggins, Idaho, the suture zone is bound to the east by undeformed and unmetamorphosed granitic rocks of the Idaho batholith (Taubeneck, 1971; Gaschnig et al., 2010) and to the west by the east-to southeast-dipping Heavens Gate fault ( Fig. 1) , which carries greenschist tectonites in the hanging wall over lower grade volcanic rocks of the Wallowa terrane (Gray and Oldow, 2005; Gray, 2013) . In this study, L-S tectonites between the Heavens Gate fault and initial Sr 0.706 isopleth are divided into three structural plates separated by the Pollock Mountain thrust fault (Aliberti, 1988) and the Rapid River thrust fault (Hamilton, 1963) : from east to west, these are the Pollock Mountain, Rapid River, and Heavens Gate plates (Fig. 1) .
The structurally highest Pollock Mountain plate includes medium-to high-grade gneissic amphibolite and orthogneiss (Figs. 2A-2C) (Pollock Mountain amphibolite of Aliberti, 1988) and overlies the Rapid River plate across the southeast-dipping Pollock Mountain thrust fault. Metamorphic rocks in this plate were intruded by the Hazard Creek Complex between ca. 118 and 114 Ma (U-Pb zircon; Manduca et al., 1993; Unruh et al., 2008) (Figs. 1 and 2B ). Peak metamorphic conditions in the Pollock Mountain plate are estimated as 8-11 kbar and 600-625 °C (Selverstone et al., 1992) , and are inferred to predate emplacement of the syntectonic, epidote-bearing Hazard Creek Complex (Manduca et al., 1993; Fleck and Criss, 2004) . A hornblende 40 Ar/ 39 Ar age of 119 ± 2 Ma from the Pollock Mountain amphibolite (Getty et al., 1993) indicates that the thrust sheet cooled below the closure temperature of Ar in hornblende (~525 °C) during emplacement of the Hazard Creek Complex.
The underlying Rapid River plate contains Riggins Group sedimentary and volcanic rocks that were metamorphosed at upper greenschist to amphibolite facies, with metamorphic grade increasing toward the east (Hamilton, 1960 (Hamilton, , 1963 (Hamilton, , 1969 . Metasedimentary rocks of the Riggins Group have been correlated with volcaniclastic and sedimentary units of the Wallowa terrane (Seven Devils Group of Vallier, 1977; Lund, 1984; Lund et al., 1993; Kauffman et al., 2014; Schmidt et al., 2016) , Huntington Formation of the Olds Ferry terrane (Brooks and Vallier, 1978; Vallier, 1995) , Baker terrane (Vallier, 1977; Brooks and Vallier, 1978) , or Weatherby Formation of the Izee intra-arc basin (Brooks and Vallier, 1978; Dorsey and LaMaskin, 2007) . The Rapid River plate is bound to the west by the Rapid River thrust system, which in our study area carries metamorphic tectonites of the Riggins Group over penetratively deformed Late Triassic carbonate rocks correlated with the Martin Bridge Formation (e.g., Hamilton, 1969; Onasch, 1977 Onasch, , 1987 Aliberti, 1988; Schmidt et al., 2016) .
The lowest structural sheet of the Salmon River suture zone, the Heavens Gate plate, contains penetratively deformed metavolcanogenic, carbonate, and minor siliciclastic rocks that have been metamorphosed to upper greenschist facies and correlate with Middle to Late Triassic rocks in the Wallowa terrane (Wild Sheep Creek Formation; T.L. Vallier, 2012, personal commun.; Gray, 2013; Kauffman et al., 2014) (Fig. 1) . In the northeastern Seven Devils Mountains (Heavens Gate Ridge), linear-planar tectonite fabrics structurally overlie massive volcanic flows of the Wild Sheep Creek Formation (Vallier, 1977 (Vallier, , 1998 across the Heavens Gate fault.
Structural fabrics across the Salmon River suture zone include a northstriking, variably dipping, synmetamorphic foliation (S 1 ; regional schistosity; Onasch, 1987; Gray et al., 2012; Gray, 2013) defined by aligned phyllosilicate minerals (prochlorite ± muscovite ± biotite), flattened lithic clasts, or compositional banding (intrusive rocks). Primary igneous and sedimentary textures are locally preserved in rocks of low metamorphic grade, but are obscured by metamorphism and mylonitization in many areas. Analysis of triaxially deformed volcanic and carbonate clasts indicates that arc-supracrustal rocks primarily underwent a flattening strain (Hamilton, 1963; Aliberti, 1988) , consistent with strain calculations in granitic rocks exposed >20 km to the east along the arc-continent boundary (Giorgis and Tikoff, 2004; Blake et al., 2009) . Pervasive downdip to steeply pitching mineral or lithic clast stretching lineations (L 1 ) are typically well developed on S 1 . East of the Heavens Gate fault, tectonite fabrics are deformed in upright, open to closed, postmetamorphic mesoscale to map-scale folds (e.g., Riggins synform, Lake Creek antiform; Fig. 1 ) that plunge shallowly to moderately southeast (Hamilton, 1963; Onasch, 1977; Blake, 1991; Bruce, 1998; Fig. 3) .
According to Giorgis et al. (2005 Giorgis et al. ( , 2008 , accretion-related contractional structures (thrust faults, folds, and tectonite fabrics) of the Salmon River suture zone are overprinted by the mid-Cretaceous western Idaho Prolonged metamorphism during terrane accretion: Salmon River suture zone | RESEARCH shear zone (McClelland et al., 2000; Tikoff et al., 2001 ). This north-southstriking shear zone is largely contained within eastern areas of the Salmon River suture zone and the Little Goose Creek Complex (Giorgis et al., 2008) and postdates collision of the Blue Mountains province with western Laurentia. It is unclear, however, whether the Salmon River suture zone and western Idaho shear zone are distinct tectonic elements that overlap or if they represent a single protracted orogen (McClelland et al., 2000; Giorgis et al., 2008; Gray et al., 2012) . In either case, ductile deformation attributed to the western Idaho shear zone was active between ca. 120 and 90 Ma (Manduca et al., 1993; McClelland and Oldow, 2007; Giorgis et al., 2008) ; peak metamorphism occurred ca. 98 Ma (Braudy et al., 2017) . Getty et al. (1993) (Schwartz et al., 2011) . Getty et al. (1993) inferred that youngest garnet in the Salmon River suture zone grew during post-peak metamorphic cooling, as evidenced by garnet rim temperature estimates that record lower temperatures than garnet cores. Postmetamorphic cooling was documented by ca. 119 Ma hornblende 40 Ar/ 39 Ar ages in the Pollock Mountain plate (Lund and Snee, 1988; Getty et al., 1993) www.gsapubs.org | Volume 9 | Number 5 | LITHOSPHERE (Lund and Snee, 1988; Snee et al., 1995) ages in the Rapid River plate. Garnet growth during cooling was inferred to occur during rapid tectonic exhumation during lithospheric delamination (Selverstone et al., 1992) .
MICROSTRUCTURES AND MINERAL COMPOSITIONS

Field Sampling Localities
Garnet-bearing metamorphic tectonites at 5 localities (Figs. 1 and 2) were selected from more than 50 field locations (see McKay, 2011; Bollen, 2015 ; Table DR1 1 ) for petrographic and structural analysis, whole-rock and garnet compositional analyses, and garnet Sm-Nd geochronology. Samples ID03 and ID23 are from the Pollock Mountain plate (Aliberti, 1988) and samples ID07 and ID26 are from the Rapid River plate (Berg Creek Amphibolite and Squaw Creek Schist of Hamilton, 1963) . Sample ID48 was collected near the Pollock Mountain thrust fault, as depicted by Lund (2004) and described by Hamilton (1969, plate 1) as a "gradational change between arbitrarily designated units." Based on the biotite-rich schistose lithology, and similarity to pelitic rocks of the Rapid River plate, we place ID48 below the Pollock Mountain thrust and thus interpret it as part of the Rapid River plate. The locations for Pollock Mountain plate samples ID03 and ID23 correspond to locations 422 and 598 reported in Selverstone et al. (1992) and Getty et al. (1993) . Rapid River plate samples (ID07, ID48) were selected based on (1) the presence of large (>3 mm), subhedral to euhedral garnet to permit Sm-Nd geochronology, and (2) distinct mineral assemblages (i.e., presence of zoisite and/or aluminum silicate) to improve P-T estimates.
Four U-Pb zircon geochronology samples were collected, two from the Pollock Mountain plate and two from the adjacent igneous complexes. Sample ID42 was collected from an orthogneiss located ~100 m southeast of sample ID03 within the Pollock Mountain plate. Sample ID58 is a heavily deformed orthogneiss that is cut by the Pollock Mountain thrust fault to the north and west, as mapped by Lund (2004) . The ID58 sample locality is within the hanging wall of the Pollock Mountain thrust fault in the Pollock Mountain plate and inferred to have been emplaced during or just prior to thrusting of the Pollock Mountain thrust fault. Samples PRC01 and ID04 were collected from along the Salmon River within the Payette River complex and Little Goose Creek Complex, respectively.
Petrographic and Structural Analysis Methods
Structural fabrics at each sample locality were plotted on 1:24,000-scale geologic maps modified from Aliberti (1988) and Blake (1991) (Fig.  2) . Geologic maps covering larger tracts of west-central Idaho (1:125,000 scale: Hamilton, 1969 ; 1:100,000 scale: Lund, 2004 ) were utilized to place local structures (Figs. 2 and 3) into a regional tectonic framework. Field observations were combined with microstructural analysis of oriented samples in an attempt to elucidate the timing relationships between garnet growth and fabric development. Oriented thin section slides were prepared at Washington State University, and backscattered electron (BSE) images were collected at the University of Alabama.
Mineral Analysis
Quantitative and qualitative mineral compositions were determined on the JEOL 8600 electron probe microanalyzer at the University of Alabama Central Analytical Facility. Quantitative analyses of garnet, hornblende, plagioclase, and biotite were obtained using wavelength dispersive spectrometry with a 1-5 µm beam diameter, 30-45 s count times, under a 20 nA beam at 15 kV for point and line scan analyses. Synthetic compound and mineral standards were used to convert raw counts to weight percent oxide using the CitZAF correction method (Armstrong, 1984) . X-ray K-α intensity maps and BSE images were collected with 20-50 nA beam current and 15 kV using 5-7 s count times. Analytical traverses or line scans across mineral grains were collected to document the zoning of garnet. Inclusions in garnet that were incidentally analyzed were excluded from line scans by identifying non-garnet analyses using mineral stoichiometry (±0.02). Garnet line scans plotted in Figures 4 and 5 are in mole proportions.
Pollock Mountain Plate
Petrography: ID03
Ridgeline exposures west of Pollock Mountain (e.g., Cold Springs Saddle) form part of a steeply southeast-dipping sequence of alternating garnet-biotite-plagioclase-hornblende amphibolite and felsic hornblendebiotite orthogneiss (Aliberti, 1988) . This sequence occupies the hanging wall of the northeast-striking Pollock Mountain thrust fault, which lies ~2.5 km west of our sample locality ID03 (Fig. 2B ). In this area, the fault intersects ridge and valley topography at a high angle (60°-90°), indicating a steep to moderate southeast-dipping structure.
Sample ID03 is an amphibolite containing garnet, hornblende, biotite, plagioclase, quartz, ilmenite, and rutile. Subhedral, medium-to coarsegrained (5-15 mm) garnet porphyroblasts locally characterize this unit within the Pollock Mountain amphibolite (Fig. 3A) . The garnet mode is ~7%. Inclusions in garnet of hornblende, plagioclase, quartz, and ilmenite form well-developed trails through subhedral cores of two-stage garnet porphyroblasts (Figs. 3C and 4B), which are overgrown by narrow, 1-2 mm, inclusion-free rims. Rotated inclusion patterns (Williams and Jiang, 1999) preserved in cores (stage I) suggest top-to-the-northwest shear, consistent with kinematic indicators in single-stage garnet of the Salmon River canyon (ID07; Fig. 2A ). Some garnet grains contain semicontinuous inclusion trails that are oriented subparallel to external matrix fabric; however, trail patterns typically terminate along core margins where rim overgrowths (stage II) are encountered. Garnet grains are partially wrapped by a strong southeast-dipping gneissic foliation defined by millimeter-scale hornblende, biotite, and plagioclase layers; aligned hornblende grains form a moderately developed east-to southeast-plunging mineral lineation. Synmetamorphic foliation at locality ID03 is subparallel to pervasive gneissic fabrics in adjacent rocks of the Hazard Creek Complex (Manduca et al., 1993) exposed east of Pollock Mountain (e.g., Aliberti, 1988; Fig. 2B) . The composition of garnet grains (Figs. 4A, 4B) records endmember zoning across both garnet cores and narrow, inclusion-free rims. Spessartine content decreases and Mg# increases from the core outward, interpreted here to indicate prograde growth (Fig. 4A ). Almandine content shows subtle variation and increases slightly toward the rim. Grossular and pyrope increase slightly toward the rim. The core-rim boundary does not show a sharp compositional break; however, there is a slight decrease in almandine. Increases in grossular and almandine and a decrease in pyrope within 1 mm of the left side of the line scan may reflect diffusion. This diffusion is not obvious on the right side of the line scan.
Ilmenite inclusions are restricted to garnet cores, whereas rutile occurs within garnet rims and matrix. Quartz inclusion trails observed in garnet cores are oblique to external matrix fabric. Garnet compositional line scans (Figs. 4C, 4D) show strong zoning patterns in all end members. The compositional center appears offset from the geometric center of the crystal, possibly due to late-stage resorption or missing the actual core in the third dimension. The compositional center corresponds with the inclusion-rich core. Spessartine decreases and Mg# increases outward from the core toward the rim, indicating prograde growth. Almandine and pyrope steadily increase toward the rim and grossular decreases. The inclusion-rich core contains higher spessartine, grossular, pyrope, and lower almandine than the rim. Diffusion likely affected the outer 0.5 mm rim of the garnet in a narrow zone where almandine and grossular increase, and spessartine and pyrope decrease.
Rapid River Plate
Petrography: ID07
Along the steep western limb of the Lake Creek antiform ( Fig. 2A) , inclusion-rich garnet porphyroblasts overgrow and are partially wrapped by northwest-striking synmetamorphic foliation (S 1 ) in the Berg Creek Amphibolite (Fig. 3B ). Sample ID07, collected from this area, is an amphibolite containing garnet, hornblende, zoisite, clinozoisite, plagioclase, quartz, ilmenite, and rutile. This sample contains medium-grained (1-5 mm), highly fractured, subhedral garnet and aggregate clusters elongated parallel to the trace of S 1 . The garnet mode is ~6%. Garnets contain evenly distributed mineral inclusions of clinozoisite, quartz, plagioclase, and rutile, which form linear to weakly sigmoidal patterns that appear to merge with the trace of S 1 (Fig. 3D) . Inclusion trails oblique to S 1 suggest that some grains underwent ~45° counterclockwise (top to the southwest) rotational strain with respect to enclosing fabric. Microfractures are generally oriented perpendicular to S 1 , which is defined here by millimeter-scale layering composed of plagioclase, quartz, hornblende, zoisite, ± calcite in a ferromagnesian sedimentary or volcanic protolith (Hamilton, 1963; Bruce, 1998) . Southeast-plunging mineral lineations (L 1 ) formed by aligned hornblende are moderately developed on S 1 (Blake et al., 2009 (Blake et al., , 2016 .
Garnet compositional zoning from ID07 shows subtle, simple zoning in all end members (Fig. 5A) . Spessartine, pyrope, and Mg# decrease and grossular increases toward the rim. Almandine shows very little zoning. The decrease in spessartine from core to rim is best interpreted as 
(B) ID07 (BSE). (C) ID48 line scan (n = 99). (D) ID48 (BSE). (E) ID26 line scan (n = 77). (F) ID26 (BSE).
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Petrography: ID48
The eastern limb of the Lake Creek antiform (Fig. 2) contains a heterogeneous sequence of interlayered biotite schist, calc-silicate gneiss, amphibole-bearing biotite gneiss, and amphibolite (Hamilton, 1969; Onasch, 1977; Bruce, 1998) . Prior investigations in the Riggins region (Aliberti, 1988; Blake, 1991; Selverstone et al., 1992) placed these rocks in the hanging-wall block of the Pollock Mountain thrust fault, which projects ~30 km northeast from garnet locality ID03 into the Salmon River canyon (<0.25 km west of Ruby Rapids; Fig. 2 ). Lithologic heterogeneity in this area (Hamilton, 1969) may represent mixing of fault slices from the Rapid River and Pollock Mountain plates. In our study, chloritebiotite-rich schists containing lesser amounts of amphibole are assigned to the Rapid River plate, and calc-silicate and amphibole-rich gneisses and amphibolites are assigned to the Pollock Mountain plate. Therefore, because it is a chlorite-and biotite-rich schist, ID48 is interpreted as part of the Rapid River plate.
Sample ID48 contains anhedral to subhedral garnet with hornblende, biotite, chlorite, kyanite, staurolite, rutile, plagioclase, and quartz that form a weakly developed schistosity that appears to be parallel to the trace of S 1 . The garnet mode is ~12%. Garnet cores contain inclusions of staurolite, biotite, chlorite, rutile, plagioclase, and quartz; however, kyanite is only observed in garnet rims and in the matrix. Garnet porphyroblasts are partially wrapped by a biotite-chlorite-defined, synmetamorphic foliation suggesting garnet growth as an early metamorphic phase. Amphibole appears to be late, and replaces biotite and chlorite.
Garnet are zoned in almandine, spessartine, pyrope, and Mg# (Figs. 5C, 5D). Decreasing spessartine and increasing Mg# indicate that garnet zoning is the result of prograde growth and not strongly affected by diffusion. Grossular is slightly zoned with a low grossular core, increasing toward the rim, and then decreasing toward the matrix. Pyrope content increases toward the rim and almandine is unzoned. Increasing spessartine and almandine and decreasing pyrope are interpreted as resorption of garnet and diffusion along the garnet-matrix contact (Fig. 5C ).
Petrography: ID26
Sample ID26 was collected from the Squaw Creek Schist ~2 km southwest of Riggins, Idaho (Fig. 1) , and contains garnet, hornblende, biotite, titanite, ilmenite, plagioclase, and quartz. This sample was collected near the westernmost edge of garnet stability, based on isograds from Hamilton (1969) . Medium-grained (2-5 mm) inclusion-rich anhedral garnet porphyroblasts show elongation parallel to the trace of foliation (S 1 ) defined by aligned biotite and hornblende. The garnet mode is ~4%. Inclusions in garnet have no preferred orientation and include titanite, hornblende, biotite, quartz, plagioclase, and ilmenite (Fig. 5F ). Titanite is restricted to garnet inclusions and is absent in the peak matrix assemblage.
Garnet compositional zoning (Figs. 5E, 5F) shows decreases in spessartine from core to rim. However, almandine, pyrope, grossular, and Mg# are unzoned. Garnet from this sample contains the highest almandine content (~0.75 mol fraction almandine) analyzed in this study. Increases in spessartine at the rim that extend ~200 μm into the crystal (Fig. 5E ) are interpreted as diffusion of Mn back into garnet during resorption.
P-T PATHS
Amphibolite and schist whole rock samples were analyzed using the Philips PW 2400 X-Ray fluorescence (XRF) spectrometer at the University of Alabama. Analytical methods follow those described by Stowell et al. (2010) ; rock compositions are given in Table DR2 . Isochemical phase diagrams were constructed from whole-rock data in the Mn, Na, Ca, K, Fe, Mg, Al, Si, H, Ti, O chemical system using the Theriak-Domino software (de Capitani and Brown, 1987; de Capitani and Petrakakis, 2010) with thermodynamic data from the Holland and Powell (1998) database (dataset version 5.5) and solid solution activity models for garnet, biotite (White et al., 2007) , plagioclase (Holland and Powell, 2004) , chlorite (Powell and Holland, 1999; Tinkham et al., 2001) , white mica (Coggon and Holland, 2002) , ilmenite (White et al., 2005) , clinoamphibole, orthoamphibole, clinopyroxene (Diener and Powell, 2007) , orthopyroxene (White et al., 2002; Powell and Holland, 1999) , epidote, cordierite, staurolite, and chloritoid (Holland and Powell, 1998) . Oxygen was assigned using Theriak-Domino based mineral stoichiometry. Fe 3+ was not considered based on the lack of Fe-rich epidote and magnetite in these rocks. The rocks were assumed to be water saturated based on the abundance of hydrous phases, commonly ≥50% amphibole and biotite. This assumption is further justified by water content versus temperature plots constructed in Theriak-Domino that suggest that observed mineral assemblages would be stable in a water-saturated system. P-T phase diagram models were constructed to predict equilibrium mineral assemblages and garnet composition isopleths. Garnet core compositions determined from electron microprobe analyses were plotted on each pseudosection to determine equilibration conditions for the start of garnet growth. To test the sensitivity of garnet fractionation on peak field assemblages and conditions in P-T models, ~80% of the observed garnet mode was fractionated out of the bulk composition for the highest garnet-mode sample (ID48). The resulting composition was remodeled to observe any change in the shape, size, or location of the peak field. Results showed very little variation between models (see Figs. DR1-DR2 for model results). Therefore, we assume that garnet fractionation does not affect peak assemblage temperature estimates in our models.
Pressures and temperatures were calculated using the AvePT module within the Thermo-Calc program (www.metamorph.geo.uni-mainz.de/ thermocalc/) to constrain peak pressures for two samples (Powell and Holland, 1994) , ID03 and ID07 (mineral compositions reported in Table  DR3A ). This provides additional P-T constraints on metamorphism that do not depend on the effective bulk composition of the rocks during mineral equilibration. The average composition of garnet rim and minerals interpreted to be in equilibrium with garnet rim were input into the program AX2 (Holland and Powell, 2000) to calculate end-member mineral activities at pressure and temperature. Rim analyses that may have been affected by diffusion were avoided. For AX2 calculations, pressure was specified at 8 kbar and temperature varied depending on the sample, based on conventional thermobarometry described in the following. For ID03 the garnet-biotite thermometer was used to constrain peak temperature, which averaged 650 °C. ID07 does not contain biotite and the peak temperature was instead assumed to be less than solidus conditions (<750 °C). AX2 activities were then input into the Thermo-Calc program AvePT module and were run at a range of temperatures based on peak assemblages from Theriak-Domino and thermometry. Results were overlain on the isochemical phase diagrams to further constrain peak conditions along the P-T paths for samples ID03 and ID07 (see Table DR3B for results and errors).
For samples with large peak assemblage fields, peak pressures and temperatures were further constrained using conventional thermobarometry, including garnet-aluminosilicate-plagioclase (GASP) for sample ID48 and garnet-biotite-hornblende-plagioclase for sample ID03 (Newton and Haselton, 1981; Koziol and Newton, 1988; Spear, 1993) . The average composition of garnet rims (excluding diffused rims) and minerals that petrographically appear to be in equilibrium with garnet rims were used to calculate pressure and temperature. Activities were calculated for www.gsapubs.org | Volume 9 | Number 5 | LITHOSPHERE almandine, pyrope, grossular (Hodges and Royden, 1984) , annite, anorthite (Hodges and Spear, 1982) , and amphibole (Kohn and Spear, 1989) . Similarly to AvePT, results were overlain on the isochemical phase diagram to provide additional controls on P-T conditions (see Table DR3B ).
Pollock Mountain Plate
The P-T path for ID23 from north of Pollock Mountain (Fig. 1) was determined from mineral inclusions in garnet, garnet core equilibration, and the peak assemblage (Fig. 6A) . Inclusions in garnet of staurolite, biotite, chlorite, plagioclase, quartz, and rutile define the starting assemblage for garnet equilibration at 575-625 °C and 4.5-7 kbar (tan field, Fig. 6A ). Garnet core compositional isopleths (0.56 almandine, 0.18 pyrope, 0.08 grossular, 0.18 spessartine) intersect at 550-600 °C and 5.3-5.8 kbar, which overlaps with the assemblage inferred from inclusions in garnet (yellow ellipse, Fig. 6A ). The peak assemblage (garnet, biotite, kyanite, plagioclase, and quartz) is stable at 625-675 °C and 6.5-9.3 kbar (pink field, Fig. 6A ). Garnet core equilibration is above the garnet-in reaction, which is not predicted within the P-T space, extends down to 500 °C (Fig.  6A ). The resulting P-T path extends from 550 to 600 °C and 5.3-5.8 kbar to 625-675 °C and 6.5-9.3 kbar (Fig. 6A) .
The P-T path for sample ID03, from Cold Springs Saddle just south of Pollock Mountain (Figs. 1 and 2) , is constrained by mineral inclusions in garnet and the peak assemblage, garnet core isopleth intersection, and thermobarometry results. The initial growth of garnet is constrained to fall in a mineral assemblage inferred from inclusions and contains garnet, clinoamphibole, biotite, plagioclase, and ilmenite (tan field in Fig. 6B ). Garnet core isopleths (0.60 almandine, 0.20 pyrope, 0.11 grossular, and 0.08 spessartine) intersect within the aforementioned inclusion assemblage. This result indicates that garnet core equilibrated at 650-750 °C and 5.5-7 kbar. The peak assemblage, garnet, clinoamphibole, biotite, plagioclase, quartz, and rutile, is shown as the pink field in Figure 6B . This assemblage field occupies a large P-T space, 600-750 °C and 7.5-11 kbar. AvePT and thermobarometry calculations for minerals in equilibrium with nondiffused garnet rims overlap and indicate P-T estimates of 650-720 °C and 7.2-7.7 kbar that overlap with the peak field at conditions of 650-700 °C and ~7.5 kbar. Garnet core inclusions and composition P-T estimates greatly overstep the garnet-in reaction, making the earliest P-T history of this sample ambiguous. P-T estimates indicate a near-isothermal, increasing-pressure P-T path from 650 to 750 °C and 5.5-7 kbar to 650-700 °C and 7.5-8.5 kbar, suggesting an increase in pressure of ~1.5 kbar (Fig. 6B) .
Rapid River Plate
The P-T path for sample ID07 is constrained from mineral inclusions in garnet, garnet core composition, peak assemblage, and thermobarometry. The tan field in Figure 6C indicates the assemblage inferred from inclusions of clinoamphibole, plagioclase, quartz, and ilmenite within garnet. This field is the earliest identifiable assemblage and overlaps with garnet core compositional isopleths (0.57 almandine, 0.12 pyrope, 0.23 grossular, 0.08 spessartine) at 625-650 °C and 6.3-6.8 kbar. The peak assemblage (garnet, clinoamphibole, zoisite, plagioclase, quartz, rutile) equilibrated between 525 and 650 °C and 7.5 and 11 kbar. Thermobarometry estimates conducted on phases in equilibrium with garnet rim indicate conditions of 600-700 °C and 7.6-8.8 kbar that overlap with the peak assemblage at 600 °C and ~8.8 kbar. Garnet core equilibration conditions are significantly above the predicted garnet-in reaction. The P-T path for ID07 is 625-650 °C and 6.3-6.8 kbar to 600 °C and ~8.8 kbar, indicating a pressure increase of ~2 kbar. P-T conditions for sample ID48 were determined from inclusions in garnet, garnet core composition, and peak assemblage. Inclusions in garnet are staurolite, biotite, chlorite, plagioclase, quartz, and rutile, which for this bulk composition is constrained at 575-650 °C and 5-8.3 kbar. This assemblage defines the first assemblage with which garnet was in equilibrium (tan field, Fig. 6D ). The peak assemblage is garnet, clinoamphibole, biotite, kyanite, plagioclase, quartz, and rutile (pink field, Fig. 6D ), 660-710 °C and 7.3-11 kbar. Garnet core compositional isopleths (0.59 almandine, 0.25 pyrope, 0.09 grossular, 0.07 spessartine) are subparallel with respect to temperature and define a broad area for garnet core equilibration that overlaps with the garnet inclusion assemblage (yellow ellipse, Fig. 6D ) at 590-640 °C and 6.0-8.7 kbar. Similar to other samples, the garnet core isopleths are overstepped by ~200 °C. Due to overlap with both assemblages, the garnet core isopleths do not help constrain precise P-T conditions for the start of garnet growth; however, they indicate a lower temperature than the peak assemblage. Thermobarometry (GASP) calculations indicate conditions of 724 °C and 10.4 kbar, plotted with errors of 50 °C and 1 kbar. These estimates overlap with peak assemblages between 675 and 700 °C and 9.5 and 10 kbar. Therefore, the P-T path for this sample is from 580-640 °C and 6.0-8.3 kbar to 660-700 °C and 9.5-10 kbar, a change of ~70 °C and 3 kbar.
The sample ID26 P-T path was constrained using titanite and ilmenite stability, garnet core isopleths, and the peak assemblage. Titanite, present only as inclusions in garnet, and ilmenite define the earliest stability region for garnet equilibration and are both stable together in a narrow field between 510 and 530 °C and 5 and 7 kbar (tan field, Fig. 6E ). Therefore, the earliest part of the P-T path is likely ~6 kbar and 520 °C. Other inclusions in garnet are clinoamphibole, biotite, plagioclase, quartz, and ilmenite; these are the same minerals present in the matrix and define the peak assemblage (pink field, Fig. 6E ), stable at 575-700 °C and 7-9.5 kbar. Garnet core isopleths (0.68 almandine, 0.15 pyrope, 0.14 grossular, 0.06 spessartine) for this sample do not overlap with the proposed initial garnet equilibration assemblage and instead overlap with the peak assemblage at 600-675 °C and 7-8.5 kbar. Lack of garnet core isopleth intersection with the initial assemblage could be due to garnet-in overstepping issues, as reported for other samples in this study, or could be due to problems with the thermodynamic data used to construct isochemical phase diagrams. The P-T path for sample ID26 transits from ~520 °C and 6 kbar to 600-675 °C and 7-8.5 kbar, a change of ~200 °C and 2 kbar.
Sm-Nd AND U-PB GEOCHRONOLOGY Garnet Sm-Nd Geochronology Methods
Sm and Nd isotope ratios (Table DR4) for garnet (bulk and single crystal), matrix (whole rock minus garnet), and whole-rock aliquots were used to construct isochrons that are interpreted to represent the age of garnet growth. Sample preparation, Sm and Nd concentrations, and mass spectrometry generally followed the methods described in Stowell and Tinkham (2003) . Crushed garnet separates were run through a Franz isodynamic magnetic separator at ~0.65 A with a 10° side angle to remove non-garnet. The resulting garnet fractions were hand-picked to remove visible impurities and sieved. Sieved garnet fragments were partly dissolved in hydrofluoric and perchloric acid in order to remove silicate and phosphate inclusions, respectively. These partial dissolution steps (Table  DR5 ) are similar to those described in Pollington and Baxter (2011) . Isotope ratios were obtained on a VG Sector 54 thermal ionization mass spectrometer (TIMS) at the University of North Carolina at Chapel Hill with the exception of sample ID26, which was obtained on a VG Sector 54 TIMS at the University of Alabama RadioIsotope Lab. Four ages www.gsapubs.org | Volume 9 | Number 5 | LITHOSPHERE and one low-precision, yet corroborating, isochron were determined for amphibolite and schist from the Salmon River suture zone.
Sm-Nd Garnet Ages from the Pollock Mountain Plate
Garnets from sample ID23 were microsampled using a Dremel hand drill and cutting tool to mechanically separate garnet geometric and geochemical cores from rim material so that the duration of garnet growth could be assessed. Ages were initially calculated with garnet core-rock and rim-rock combinations. However, isotopic ratios for cores of three garnet grains are dissimilar, and the garnet B core is more similar to rim values from other grains. Therefore, we infer that some garnet core samples do not include the oldest center of grains and/or that some grains grew later. Isotope ratios for garnet C core, rock matrix, and whole rock are on a 3-point isochron of 135 ± 2.4 Ma. Isotope ratios for the rock matrix, whole rock, garnet B core, and garnet C rim produce a 4-point isochron age (Fig. 7A ) of 123.9 ± 1.3 Ma.
Sm and Nd isotope data for two-stage garnet from sample ID03 from the Pollock Mountain plate were collected for three garnet and whole rock and matrix splits. Garnet 3 is a single crystal garnet core that was Table  DR4 . MSWD-mean square of weighted deviates.
extracted using a computer-guided micromill to separate the chemically and texturally defined core from the rim. Isotope ratios for the garnet 3 core combined with the whole rock and matrix produced an age of 141.4 ± 2.0 Ma (Fig. 7B ). This result is effectively based on 2 points because the matrix and whole-rock samples are indistinguishable. Garnet grains 6b and 7p were extracted using a Dremel hand grinder in order to spatially remove rim material and obtain inclusion-free garnet core material. These garnet core separates (garnet grains 6b and 7p) define a 3-point isochron with an age of 136.9 ± 3.5 Ma. The span of ages for sample ID23 (135-124 Ma) and sample ID03 (141-137 Ma) indicate a best estimate for garnet growth in this part of the Pollock Mountain plate as 141-124 Ma.
Sm-Nd Garnet Ages from the Rapid River Plate
Sample ID48 and ID07 garnet Sm-Nd ages for the Rapid River plate are considered together here due to age similarities. Sample ID48 produced a 6-point isochron (whole rock, matrix, hornblende, and three whole garnet separates: garnet D, garnet C, garnet A) with an age of 112.5 ± 1.5 Ma (Fig. 7C) . A second sample, ID07, produced a poor precision isochron (Fig. 7D ) resulting from very low garnet 147 Sm/ 144 Nd ratios (<0.26) and a small spread (0.18-0.26) between these ratios and those of the whole rocks. Although the precision of individual analyses is high, the range between garnet and whole rock isotopic ratios is very small, resulting in high uncertainty. The high uncertainty is likely due to inclusions in garnet that were not removed during the partial dissolution process, resulting in garnet separates yielding low Nd for ID07. Apatite and clinozoisite inclusions are the only minerals identified in the garnet that are likely to incorporate a significant mass of REEs. Presumably, tiny grains throughout the garnet were not removed during the partial dissolution. Although the uncertainty is very large, the age of 113 ± 35 Ma overlaps with the high-precision age determined for ID48 (112.5 ± 1.5 Ma) and a Lu-Hf age of 111 ± 11 Ma from a similar locality within the Berg Creek Amphibolite reported by Wilford (2012) .
Sample ID26 produced a 9-point isochron (whole rock, matrix, and 7 bulk garnet separates) with an age of 124.3 ± 5.8 Ma (Fig. 7E) . Because of the large variety and volume of inclusions, multiple garnet grains were sampled in bulk and each separate was leached differently (detailed in Table DR5 ). The uncertainty of ± 5.8 Ma is due to low 147 Sm/ 144 Nd ratios (<0.60) rather than low precision of the Nd isotope ratios. This is probably a result of incomplete inclusion removal despite the partial dissolution steps.
U-Pb Zircon Geochronology
U-Pb zircon ages for four pluton samples (PRC01, ID04, ID42, and ID58) provide a comparison with garnet ages and a means to evaluate possible plutonic contributions to heating during metamorphism, timing of deformation, and age of metamorphism. U-Pb zircon isotope ratios were obtained for PRC01, ID04, and ID42 using the Nu Plasma laser ablation-multicollector-inductively coupled plasma-mass spectrometer (LA-MC-ICP-MS) in the University of Arizona LaserChron laboratory using techniques described by Gehrels et al. (2008) , with beam diameters ranging between 12 and 30 μm. Isotope ratios and ages for each spot analysis are provided in Tables DR6-DR9 . Error-weighted averages of 206 Pb/ 238 U ages were calculated and plotted using Isoplot (Ludwig, 2003) and then systematic errors were incorporated into the average age uncertainties (Figs. 8A-8D ) with uncertainties presented at 95% confidence levels. U-Pb zircon isotope ratios were obtained for ID58 on a Thermo Scientific ELEMENT2 equipped with a 193 Ar-F excimer laser at the California State University Northridge (following methods in Chang et al., 2006) . Analyses were conducted during a single analytical session with a beam diameter of ~30-40 μm. Individual spot analyses (reported in Tables  DR6-DR9) include propagated analytical and systematic errors. Dates were corrected for minor amounts of common Pb (following methods in Compston et al., 1984) . Weighted average age plots were constructed in Isoplot (Ludwig, 2003) .
Sample ID42 is from a medium-grained biotite-hornblende orthogneiss in the Pollock Mountain plate collected ~240 m east of ID03. Zircons are prismatic and cathodoluminescence (CL) images show relatively simple oscillatory zoning with narrow apparently unzoned rims (15-40 μm). Because U/Th can be used to distinguish metamorphic (high U/Th) and igneous (low U/Th) zircon grains (Vavra et al., 1999) , age populations were defined based on U/Th in zircon. Analyses of low U/Th zircon cores define an age (Fig. 8A ) of 206.3 ± 3.0 Ma (n = 79). Analyses of high U/Th rims (23 to ~6000) yield dates ranging from 207 to 133 Ma. The error-weighted average age of 9 high U/Th rim analyses (Fig. 8A) is 140.5 ± 3.9 Ma, which is indistinguishable from garnet core Sm-Nd ages (141-137 Ma) discussed herein.
Sample ID58 is a medium-grained tonalite that crops out ~11.25 km north-northeast of Pollock Mountain (Fig. 1) and is structurally part of the Pollock Mountain plate (Lund, 2004) . This deformed tonalite is truncated to the north and west by the Pollock Mountain thrust fault (Lund, 2004) and was collected to constrain the timing of juxtaposition of the Pollock Mountain and Rapid River plates. Zircons from ID58 are prismatic and have well-developed oscillatory zoning in CL images. We analyzed 27 zircons, the majority of which are concordant or slightly discordant (see Table DR9 ). The error-weighted average age of 24 zircons is 117.1 ± 1.8 Ma (Fig. 8B) . Three older outliers are interpreted as xenocrystic (ages of 128.6, 129.2, and 132.6 Ma).
Samples PRC01 and ID04 were dated in order to evaluate possible heating from plutons along the eastern edge of the Salmon River suture zone. An undeformed biotite-hornblende tonalite from the Payette River complex (PRC01; Fig. 8C ) contained oscillatory zoned zircon that yielded a weighted mean age of 90.4 ± 0.8 Ma (n = 25). A moderately deformed orthogneiss from the Little Goose Creek Complex (ID04; Fig. 8D ) was collected just east of the Pollock Mountain plate along the Salmon River. ID04 is dominated by high U/Th zircon (U/Th > 10) dated between 111 and 100 Ma that yield a weighted mean age of 108.1 ± 1.8 Ma (n = 16); 3 ca. 135 Ma grains that displayed high U/Th were interpreted as xenocrysts and thus excluded from the weighted mean calculation.
DISCUSSION
Timing of Western Idaho Tectonism
The earliest ages for metamorphism in the Salmon River suture zone are derived from the Pollock Mountain plate. Our data indicate that metamorphism began ca. 141 Ma and persisted until at least 124 Ma. The upper limit for garnet core growth at 141.4 ± 2.0 Ma and younger core isochron ages of 137 Ma from ID03 are consistent with the 144 Ma age (uncertainties unspecified) reported in Getty et al. (1993) . The 141-137 Ma garnet ages for metamorphism are also corroborated by our new 206 Pb/ 238 U zircon rim ages (140.5 ± 5.1 Ma from sample ID42), which are inferred to be metamorphic based on U/Th ratios >5 ( Fig. 9; e.g., Vavra et al., 1999) . Therefore, the new age range of 141-137 Ma reported here for garnet core growth provides a robust estimate for the timing of initial garnet growth in the Pollock Mountain plate. Our Sm-Nd garnet core and rim ages from sample ID23 (i.e., ca. 135 and ca. 124 Ma, respectively) Prolonged metamorphism during terrane accretion: Salmon River suture zone | RESEARCH had not been microsampled, the result might have been a mixed age similar to the previously reported 128 Ma garnet age (Getty et al., 1993) . The oldest garnet from ID23 (ca. 135 Ma) is within error of the youngest age estimates (ca. 136.9 Ma) for two-stage garnet cores from ID03, both within the Pollock Mountain plate. Due to the large aliquot of garnet (>20 mg; Table DR5 ) used for the Sm-Nd geochronology reported here, ages are likely derived from garnet with a significant age range. Therefore, apparent ages may represent averages of different proportions of age-zoned garnet. In this context, different Sm-Nd ages may be interpreted as distinct metamorphic events (i.e., terrane amalgamation followed by accretion or docking with Laurentia; Getty et al., 1993) . In contrast, we propose that garnet growth in the Pollock Mountain plate could have resulted from one long-lived tectonothermal event beginning between 141 and 137 Ma and continuing until ca. 124 Ma, based on our overlapping Sm-Nd garnet ages from two localities (ID03, ID23) and the corroborating U/ Th 206 Pb/ 238 U zircon age (ca. 140 Ma) (Fig. 9) . Hornblende 40 Ar/ 39 Ar data record cooling below 525 °C ca. 119-118 Ma, requiring the conclusion of prograde metamorphism in the Pollock Mountain plate to have occurred by that time (Lund and Snee, 1988; Getty et al., 1993) . The weakly to unmetamorphosed tonalite (ID58; Fig. 1 Manduca et al., 1993) are continuous across the lithologic contact (Pollock Mountain amphibolite-Hazard Creek Complex plate; Fig. 2B ), ductile deformation in this area was active through ca. 118 Ma, deforming both units during post-peak metamorphic cooling in the Pollock Mountain plate.
Garnet from the Rapid River plate records metamorphism that began during the waning stages of Pollock Mountain metamorphism ca. 124 Ma (ID26) and continued until at least ca. 113 Ma (ID48), >10 m.y. after the youngest recorded metamorphism in the Pollock Mountain plate. These dates expand the documented duration of garnet zone and higher grade metamorphism in the Salmon River suture zone from 13 m.y. (144-128 Ma; Getty et al., 1993) to ~31 m.y. (144-113 Ma; Getty et al., 1993 ; this study). Our 117 Ma age for syndeformational pluton emplacement along the Pollock Mountain thrust fault (ID58) and ca. 119-118 Ma hornblende cooling ages for the overriding Pollock Mountain plate (Lund and Snee, 1988; Snee et al., 1995; Getty et al., 1993) (Lund and Snee, 1988) , constraining the duration of metamorphism in the Rapid River plate to ~15 m.y. (i.e., from early garnet growth to postmetamorphic cooling of hornblende).
Salmon River Suture Zone Metamorphism
P-T paths suggest that both the Pollock Mountain and Rapid River plates record Cretaceous isothermal loading of >2 kbar at 600-700 °C. These estimates are compatible with previously published estimates for metamorphic conditions in the Pollock Mountain and Rapid River plates by Selverstone et al. (1992) and Getty et al. (1993) ; their results, however, indicated loading within the Pollock Mountain plate to as much as 11 kbar, with little evidence for loading in the adjacent Rapid River plate, as the new data suggest. Geochronology and P-T estimates (141-124 Ma and ~5 kbar for the Pollock Mountain plate; 124-113 Ma and ~3 kbar in the Rapid River plate), suggest loading rates of ~1 mm/yr. We interpret that isothermal loading within the Salmon River suture zone was controlled by thrust stacking that drove metamorphism in structural sheets (Rapid River and Heavens Gate plates) underlying the Pollock Mountain plate in a fashion similar to that described in the northern (Spear et al., 1990) and central Appalachians (Bosbyshell et al., 2016) . In the central Appalachians, metamorphism was synchronous with nappe emplacement, fault displacement, and loading (e.g., van Staal et al., 2008) . In the Salmon River suture zone, crustal thickening via thrust loading was diachronous, with westward fault propagation occurring throughout the duration of Jurassic-Cretaceous tectonism along the western Laurentian margin.
In the thrust-loading model for metamorphism of the Salmon River suture zone (Fig. 10) , magmatic heating is not required to drive metamorphism. The contribution of magmatic heat during metamorphism was likely negligible and is supported by the paucity of 140-119 Ma magmatism in the Salmon River suture zone, minor 128 Ma plutonism in the Wallowa terrane (Jeffcoat et al., 2013) , and the minor presence of ca. 115-111 Ma plutonism near Riggins (Unruh et al., 2008) , suggesting that there was little thermal contribution from plutonism during peak metamorphism. The Permian Chair Point pluton (Kauffman et al., 2011) www.gsapubs.org | Volume 9 | Number 5 | LITHOSPHERE Manduca, 1988) Jeffcoat et al., 2013) are of limited areal extent and are exposed west of the Salmon River suture zone. P-T paths (Fig. 6 ) also suggest minor to no heating during prograde garnet zone metamorphism. Therefore, there are no known plutons of appropriate age or adequate size at the current level of exposure proximal to either of the two thrust sheets to provide sufficient heat to regionally metamorphose the Rapid River and Pollock Mountain plates to peak conditions. The range of temperatures for initial garnet growth throughout the Salmon River suture zone indicated by loose garnet core isopleth (ID03, ID23, ID07, ID48, ID26) intersections are significantly higher (~50-200 °C) than the initial garnet-producing reaction (i.e., garnet-in line) predicted by isochemical phase diagrams (Fig. 6 ). This discrepancy between the model predicted garnet-in reaction and garnet isopleth core intersections may be due to postmetamorphic diffusion of garnet core compositions. This could be a result of a long-lived, high-heat thermal event that caused a long duration of garnet growth; this is supported based on the presence of garnet samples with a growth duration of ~10 m.y. However, some zoning features are preserved, including thin (<0.5 mm) diffusion features at the rim-matrix boundary in garnet from samples ID03, ID07, ID26, ID48. In addition, most samples show bell-shaped spessartine zoning that is usually indicative of preservation of the initial composition of the core. Kinetic overstepping, where initial garnet growth begins after garnet becomes a stable phase along the prograde P-T path, might also have caused the observed discrepancy in initial garnet growth estimates. Similar to early diffusion, this interpretation would also require high heat input. Previous studies (Gray and Oldow, 2005; McKay, 2011) postulated that volcanogenic protoliths in the Riggins region (e.g., Squaw Creek Schist) may represent part of a collapsed backarc. Deformation in collisional orogens is frequently focused in collapsing backarc regions, because these hot, weak areas are more ductile (Hyndman et al., 2005) . High heat flow in a collapsing backarc setting (Stern, 2002; Watanabe et al., 2013) provides a plausible explanation for early heating. Therefore, prior to metamorphism, increased heat flow and an elevated geothermal gradient might be expected during early metamorphism of the Salmon River suture zone. P-T paths from most samples show counterclockwise near-isothermal loading of ~2-3 kbar with little to no heating observed that might be expected with thermal relaxation following tectonic loading (Fig. 6 ). The lack of heating following thrusting would require either rapid exhumation or perturbation of the regional isotherms through thrust faulting that could be achieved through continued faulting. Rapid postmetamorphic cooling may also account for the interpretation of Selverstone et al. (1992) of garnet growth during exhumation and cooling in the Pollock Mountain plate. The presence of magmatic epidote in the 118-114 Ma Hazard Creek Complex that intrudes the Pollock Mountain plate, however, suggests that the Pollock Mountain plate was at depths of >8 kbar (Zen and Hammarstrom, 1984) during post-peak metamorphic cooling, which is not compatible with rapid exhumation. Unlike Selverstone et al. (1992) , we propose that a thrust model for metamorphism does not require lithospheric delamination to account for the observed rapid postmetamorphic cooling in the Salmon River suture zone, because rapid cooling could be driven by thrust exhumation combined with erosion. If the Salmon River suture zone was subjected to high heat flow in a backarc setting prior to metamorphism, thermal relaxation following thrusting may have been offset by a relative decrease in heat flow with the transition from backarc extension to collisional orogenesis.
Tectonic Model for Cretaceous Metamorphism
Juxtaposition at or after 117 Ma of the older, higher grade Pollock Mountain plate rocks with the younger, lower grade metamorphic rocks of the Rapid River plate coincides with both prograde metamorphism in the footwall rocks of the Rapid River plate and exhumation in the hanging wall. Therefore, we postulate that late-stage metamorphism in the Salmon River suture zone was controlled by thrust faulting and crustal thickening. This model also explains the near-isothermal loading in the Rapid River plate and the juxtaposition of higher grade, older metamorphic rocks in the overlying Pollock Mountain plate. Similar processes may have driven metamorphism in the Pollock Mountain and Heavens Gate plates; however, any evidence for a thrust sheet overlying the Pollock Mountain plate has been removed by uplift along the arc-continent boundary, erosion, and/ or intrusion of the Idaho batholith. Along the western side of the Salmon River suture zone, there are limited thermochronometry data; however, future work might resolve the age of metamorphism in low-grade metamorphic rocks in the Heavens Gate plate.
The new Sm-Nd garnet and U-Pb zircon ages presented here extend the duration of metamorphism in the Salmon River suture zone, with metamorphism persisting for at least 25-30 m.y. 141-113 Ma (Early Cretaceous) metamorphism, compressional deformation persisted along the western Laurentian margin, as evidenced by midCretaceous approximately east-west contractional structures assigned to the western Idaho shear zone (e.g., Giorgis et al., 2008) . High U/Th ratios (>10) from zircon in ID04 (Figs. 8 and 9 ) suggest the presence of metamorphic fluids during syndeformational emplacement of the Little Goose Creek Complex; this suggests that metamorphism continued along the arc-continent boundary through 108 Ma. If peak metamorphism occurred throughout the western Idaho shear zone ca. 98 Ma (Braudy et al., 2017) , then 108 Ma metamorphism in the Little Goose Creek Complex may represent the earliest phases of western Idaho shear zone metamorphism. Although early deformation associated with offshore terrane accretion occurred ca. 159 Ma (Schwartz et al., 2011) in the Wallowa terrane, penetrative deformation continued into the mid-Cretaceous (e.g., Lund and Snee, 1988; Manduca et al., 1993) and involved oroclinal rotation at 140-126 Ma (Zák et al., 2015) coeval with metamorphism in the Pollock Mountain plate (141-124 Ma). Displacement (ca. 117 Ma or younger) on the Pollock Mountain fault, rotation and flattening of Pollock Mountain plate garnet, and metamorphism in the underlying Rapid River plate (ca. 113 Ma) record continued deformation in the Salmon River suture zone. The transition from 113 Ma metamorphism in the Salmon River suture zone to possible ca. 108 Ma metamorphism in the western Idaho shear zone suggests that metamorphism in the Salmon River suture zone and western Idaho shear zone either partially overlaps temporally or was separated by a very brief (<5 m.y.) interlude. In either case, contractional deformation and metamorphism in western Idaho likely occurred from before 141 Ma to after 108 Ma, and was characterized by thrust faulting in the Salmon River suture zone that possibly evolved into ductile extrusion along the arc-continent boundary. On this basis, we suggest that terrane accretion in western Idaho was a prolonged process (>30 m.y.), with metamorphism directly recording local structural development (i.e., thrust faulting) instead of individual terrane collisions.
CONCLUSIONS
Sm-Nd geochronologic results from microsampled garnet domains suggest a prolonged duration of metamorphism within the Pollock Mountain plate of the Salmon River suture zone, spanning 141 to 124 Ma, that was previously interpreted to represent two temporally distinct events, i.e., the offshore assembly of the Blue Mountains province and its subsequent docking with Laurentia. Based on new age and P-T constraints on metamorphism and deformation in the Rapid River and Pollock Mountain plates and the age of displacement along the Pollock Mountain thrust fault, we propose that west-northwest-directed thrust faulting may have controlled loading and flattening deformation during the accretionary growth of the North American Cordillera. P-T paths require simultaneous loading of the Rapid River plate to 7-9 kbar at ~675 °C, exhumation and cooling of the Pollock Mountain plate, and deformation along the Pollock Mountain thrust fault that separates the two plates. This could be accomplished by thrust juxtaposition of the Pollock Mountain onto the Rapid River plate, resulting in loading and prograde metamorphism in the Rapid River plate. Timing constraints placing older metamorphic rocks on younger metamorphic rocks probably represents metamorphism associated with specific thrust loading events, which are not necessarily related to individual terrane collisions. This model highlights the role of localized deformation, including thrust faulting, in loading sedimentary basinal suites to amphibolite facies metamorphic conditions, during a prolonged orogenic process. Therefore, metamorphic age constraints may represent a localized structural development as part of regional tectonism. The resolution of these local features may be improved through the use of microsampling within metamorphic grain domains and/or use of multiple isotopic systems to date deformation and metamorphism.
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